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IiIorderto detemine the performanoeof rem-jetunits in
flightat sqersonic speedsend to studymdhods fcm improv3ngthe
perfmmsnoe~ en investigationof a seriesof 16-inoh-diemeterrem-
jet enghes is beingconductedin free fklght. Supersonicflight
speedsare obtainedby releasingthe unit ticm an airplaneat en
altitudeof approximately30,000feet end ellowingthe engine
thrustend the foroeof gravityto amelerate the unit.

Ihmingthe firstflight,a Maoh numberof 1.42was reaoheil.
At this condition,the thrustcoefficientexoeededthe dreg coef-
ficientby 0.20. Partialfailureof the telemeteringequipmnt
preventeda ccmpleteevaluationof the engtneperfomanoe.

Theoreticalcalculationshave MLicated thathigh thrust
coefficientsend law specificflmlconmmptionmay be obtahml
with rem-detunits at supersonicflightspeeds(referenoe1);
however,very Mttle experimentalperfomence data ere available
at thesespeeds. -@ maer to mmsure the actualperformenoeof
rsm-~etunits end to studymethodsof improv5mgthe performeno0$
m investigationof ram-jettits is be= conduotedin free
flight. The methodused to attainsupersonicflightis to release
the engine&an * s&Lane at approximately30,000feet altitude
end to ellowthe e@ne thrustand the foroeof @atity to accel-
eratethe rem-jet tit. These flightexperimentsare being con-
ductedover the AtlanticOceannearWaUmps Ielend,Virginia.

The f3rstran-jetunit to be tivestigatedwas designedfor
efficientUffueer operationat fh%e-streamMaoh nmbers from
1.33 to 1.80with a maximumombustion-them.r velocityof
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approximately165 feet per second. Otherenginesare being
designedfor higherflightMach numbersmd combustion-chamber
velocities.

The resultsobtainedin the firstflightare discussedherein.
Failureof part cd’the telemeteringequipnentduringthe flight
preventeda completeevaluatIon of the engineperl?ormance.Suf-
ficientdatawere obtained,however,to determinethe clifference
betweenthe thrustand the drag of the engineat Mach numbers
between0.80and 1.42.

APPlilwrusAND ImlmMmTATIoN

A photographof the first supersonic16-inchrsm-Jetunit
investf.gated(designatedmodel 16-A-I)is shownin figure1 and
a schematiccross-sectionalview of the unit is presentedin
figure2. The inletdiameteris 8 inches,the outletdiameteris

11~ inches,and the over-alllengthexcludingthe telemetering
8 7

antennais 164~ inohes. The grossweightis 520 pounds. A single

obliqueshock-typediffuserwith no internalcontractionratio is
used. A centralbody (figs.2 and 3] locatedwithinthe diffuser
containsan eight-dknneltelemeteringtransmitter,a fuel system,
and a tubulartank in whichnitrogenis storedat a pressureof
3000 ~unds per squareinch. A eehematlcdrawingof the fuel
systemis shown,in f@ure 4; The fuel-flowregulatorcontrolsthe
flow & nitrogenintothe fuel tank in orderto give a fuel ~es-
sure approximatelyfour timesthe absolutefree-strem totalpres-
sure throughoutthe flight. In orderto maintafnfairlyhigh fuel
pressuresat lowflow rates,fuel was injectedInto the combustion
chemberby threeseparatesystemsof spraynozzles. swing-loaded
pressurereducingvalvesshut off the fuei flow in the-sec&d
thirdspraysystansat fuel pressuresbeluw 50 and 100 pounds
squ~e Inchgage,respectively.The fuel useflwas 73-octane
gasoline(AN-F-23A).A ducted-airfoil-typeflame holderwith
intermediategutters(fig.5) was chosenfor the ram-Jetunit
the basisof resultsfrom preliminarygroundinvestigations.

and
per

Rm-
bustionwas initiatedby two electricallyIgnitedfl~es mounted
upstreanof thsflsme holder.

The followlngdatawere transmittedby the tel~eteringunit:

1. Axial acceleration

2. Free-streeuutotalpressure
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3.

4.

5.

6.

7.

8.
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Free-streamstaticpressure

3

Staticpressurein diffuser,4: inchesdownstrea of air
inlet

Dynamicpressurein diffuser,65 inchesdounstreanof air
inlet

Totalpressureat end of diffuser

Staticpressureat engine-exhaustoutlet

Pressuredrop acrossorifice-typefuel flow meter

Becauseof the locationof the staticorificeson the antenna,
the free-streamstatic-pressuremeasurementswill be somewhatin
errorat subsonicspeedsunlessthe diffuser-inletvelocityid
approximatelyequalto fl@t velocity.

The totalpressureat the end of the diffuserwas measuredby
eighttotal-pressuretubes,whichwere connectedto a componmani-
fold in orderto obtaina pressurethatwas approximatelythe
average& the totalpressuresat the eightpositions. The -C
pressurein the diffuserwas measuredwith eighttotal-pressure
tubes and two static-pressuretubes,whichwere connectedin such
a way as to obtainan averagedynamicpressure. A sharp-edged
orifice,0.85 inch in diameter, was used to measurefuel flow.

Radar equipmentand phototheodoliteequipnentwere used to
obtaina timehistoryof the positionof the engtnewith respect
to a pointon the groundduringthe flight.

UilXUUTIOIfPROOEIIJRll

The velocityand the Mach numberof the engineduringflight
were calculatedfrom radexand phototheodoliterecordsand from
free-streamtotal-and statit-pressureand ambient-airtemperature
measurements.Ambient-airtemperaturewas obtainedfran an atmos-
phericsurveymade with the airplaneimmediatelyafterthe release
of the ram-jet‘Unit.

Failureof severalchannelsof the telemeteringequipnentto
operatesatisfactorilypreventeda completeevaluationof engine
performance.The accelerometerreadings,i@amic pressurein the
cliffuser,totalpressureat the combustion-chamberinlet,and the
fuel flow were not obtained. Withoutthesepressureend fuel-flow
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readings,the enginethrust,externaldrag,cliffuser effiatency,
and combustionefficiencycouldnot be obtained. The acceleration
couldbe obtained,however,by differentiatingthe velooity-ttie
curve:from this acceleration,the net force on the unit oouldbe
determined.The net thrust(ram-Jetthrustminus etiernaldr~)
was obtainedby subtrmting the muponent uf the ameleratlon
of gravityIn the directionof motionfrcm the calculatedaxial
accelerationand multiplyingthe resultby the mass of the ram-jet
Unit.

Because of Inmnpleteradarrecordsandthe inaocuraoyof the
free-streamtotal-pressuredata at low pressures,velooityand
acceleration“dataare not presentedfor the first 25 seoondsof the
flight.

A plot M the telemeterdata reoordedby the two groundsta-
tions‘duringthe flightis shownin figure6. The tailedpoints
indicatedata receivedby telemeteringstation2. The telemeter’
recordsare continuousand the datawere read at l-seoondintervals
if possible. Blank sectionsof the curvesIndicatethatno signal
or an indistInctsignalwas receivedduringthat part of the
flight. The staticpressurerecordedhmuediatelybeforeimpaot
W= 14.7 pounds per square inoh,whichcoinoIdeswith the b~-
metricpressureat sea levelat that.tlme.

.

Eigh valuesof the staticpressureInsidethe dtifuser
(fig.6) indioatedinternalsubsonicflow throughoutthe flight.
Fairlygooddti?fuser-pressurereooverywouldthus be expected.
The staticpressureat the engineoutlet(fig.6) is approximately
equalto the embient-airpressureduringthe first 40 secondsof
the flight. At 40 seoonds,the engine-outletstaticpressure
diverges sharplyfrom the ambient-airpressure,whfoh indicates
that chokinghas been attainedin the nozzle. The chokingoccurred
at a free-streamMaoh numberof approximately1.25.

The variationof altitudewith time &ter releaseis shuunin
figure7. The altitudewas detemninetlfrom free-streamstatio
pressureand the atmosphericsurveymade by the launchingplane.

The v=iation of flightvelocitiesfrom both telemeterdata
and radarrecordswith time afterreleaseIs shownIn figure8.
The velocitiesdetezzninedby the two methodsagreesatisfactorily
evenat subsonicspeeds. No r ar reoordswere obtainedpriorto

924 seoondsor duri~ the last2Z secondsof the flight.
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The variationof flightMach number,axialacceleration(not
includingthe accelerationof gravity),and the d.ifferencebetween

. the thrustcoefficlent (rem-jet thrust per free-streamdynamic
pressureper combustion-chamberarea)and the drag coefficient
(externaldrag per free-streamdynamicpressureper combustion-

S
m

chamberarea)with time afterreleasefor the last 20 secondsof
the flightis shown In figure9. The Mach numberwas 1.42 at the
end of the flight,whichwas 43.7 secondsafter release. The net
accelerationattaineda maximumvalueat 1.72tties the accelera-
tion of gravityand the differencebetweenthe thrustcoefficient
and the drag coefficientwas 0.20 at a Mach numberd 1.42. The
drag exceededthe thrustuntila Mach numberof approximately0.87
was reached. The low valuesof the thrustcoefficientminus the
drag coefficientin the rangefrom 25 to 28 secondsis attributed
to a low fuel-flowrate. The leanfuel-airratio is believedto
have been causedby imperfectfuel-regulatoractionat the low
free-streamtotalpressures. Intermittenttracesof fuel flow
on the telemeterrecordtend to confin this belief. The low
accelerationduringthe firstpart of the flightpreventedthe
ran-jet unitfrcm reachinga higherMach numberbeforereaching
the water.

.

SWMARY OF RESULTS

. From limiteddata obtainedduringa free-flightInvestigatIon
of a supersonic16-inch-dlsmeterrem-Jetunit,the following
resultswere observed:

1. A maximumfree-streamMach numberof 1.42was attained
duringthe flight.

2: The thrustcoefficientexceededthe drag coefficientby
0.20 at a Mach numberof 1.42.

FlightPropulsionResearchLaboratory,
NationalAdvisoryCommitteefor Aeronsutlcs,

Cleveland,Ohio.

mFERENcE

1. ClevelandLaboratoryStaff: Perfomnanceand Resultsof Applica-
tion & VariousTypes of Aircraft-propulsionSystem. NACA
TN HO. 1349,1947.
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X3gLu’u 1. - SuPX’Soniq 16-inoh m-Jet unit mc$.el 16-A-1.
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(a) Three-mumter front view.
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(b) Three-quarterrear view.

Figure S. - F1.aIM holder for au~rsonic 16-inch ram-jet unit. model 16-A-1.
.
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Figure 6. . Telemeter data reaorded dtilng fli t of aupersonlc 16-hoh ram-jet units
model 163L 4



,

18 NACA RM No. E8A26

.

30,000

25,000 ‘ \

\

20~ooo
\

.@
*

m

$ 15,000”
L

s

3
t-l
4

10,000 ‘ t

5,000

=s=

o
10 20 30 40 50

Time after releaae,Bee

Figure 7. - Variation of altltude with the after release
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Figure 9. - Variation of axial acoeleratlon, Mach number, and
thznmt coefficient minue drag ooeffioient with time after
release of auper80nLc 16-lnoh ram-jet unit, model 16-A-1.
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